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Abstract

We demonstratehe applicationcoderap which is part of the Overture library.

A CAD geometryimportedfrom anlGES£leis £rstcleanedup andsimplifedto

suitthe needsof meshgeneration.Thereafterthe topologyof the modelis com-
putedanda watertight surfacetriangulationis createdon the CAD surface. This
triangulationis usedto speedup the projectionof pointsontothe CAD surface
during the generatiorof overlappingsurfacegrids. From eachsurfacegrid, vol-

umegridsaregrown into thedomainusinga hyperbolicmarchingprocedureThe
£nalstepis to £1l ary remainingpartsof theinterior with backgroundneshes.

Introduction

We presenthesoftwaretool rap for preparinggeometrie$or meshgeneratiorand
for creatingoverlappingmeshes.The geometriesare obtainedfrom IGES £les
translatedrom the internal representatioof a ComputerAided Design(CAD)
packagePreparatiorof thesegeometriesncludesidenti£catiorandcorrectionof
translationerrorsaswell asthe removal of detailsregardedunnecessarfor the
intendedanalysis. A geometryis consideredeadyfor meshgenerationvhenit
describesiwatertight,consistentlescriptiorof themodeledbject. Ourapproach
consistof a collectionof error detectionutilities in combinationwith aninterac-
tive interfacefor alteringthe geometry Oncethegeometryhasbeenpreparedwe
grow a setof overlappingsurfacegrids startingfrom edgesor featurecurveson
the geometry Figure 1 depictsthe overlappingsurfacegrids over partof anen-
gine manifold. Thethree-dimensionatomputationatlomainis £lled by growing
volumegridsstartingfrom the surfacegrids,andary remainingvoid is £lled with
simple(Cartesianpackgroundyrids.



Figurel: CAD geometryandoverlappingsurfacegridson anenginemanifold

Generatingthe surface meshegequiresfast and accurateevaluation of the
underlyingsurface.If the CAD representationontainserrors,themeshgenerator
will not only remecttheseerrors,but in mary caseswill likely fail to generate
meshest all. While the tools are developedwithin the Overture overlapping
grid framework, they aregeneraknoughto be usefulfor avariety of applications.
In particular they arealsocurrentlybeingusedto generateembeddedoundary
(Cartesian)grids, wherethe surfacescut throughthe computationalgrid in an
arbitrary manner The goal of our work is to provide a robust geometrymodel
andefEcientsupportingsoftwarefor meshgenerationto beusedbothduringpre-
processingndfor moving bodyandadaptve meshsimulations.

Researcherbave proposedseseral approacheto preparingCAD modelsfor
grid generation.Somehave suggestedenericmeansto representhe geometry
sometimesnterfacingdirectly with the CAD packageshemseles[11, 5]. Others
attemptto dealwith therepresentationgrovidedby neutralfle formatsgenerated
by CAD software[10, 1, 6]. The currentwork falls into the latter category since
we desireto eliminatethedependencen proprietarysoftwareandto reducemem-
ory requirement&nablingthe CAD modelto bein memoryduringa moving or
adaptve meshreEnementomputation While muchwork hasbeenaccomplished
to automaticallycorrectmary problemsencounteredvith these£les[10, 1, 6],
we still £nd mary signiEcantgeometricde£ciencieghat require userinput for
resolution.

In our work the geometryis describedasa boundary-representatidB-REP)
consistingof a network of surfacepatches.Currently the surfacesareimported



usingthelGESformat. Thequality of thegeometrydescriptionin theseflesvary

widely dependingon their source.Errorsspantherangeof simpleproblemssuch
asslightmismatchebetweemeighboringsurfacepatchesintermediatgroblems
suchastrim-curvesthatdo not closeonthemseles,to grossgeometryerrorssuch
aswarpedor missingsurfacepatches.

Oneclassof geometryerrors,thatis straightforward to detect,arisesfrom
problemswith trimming curves. Most trimming curve problemsareeasilyunder
stoodoncethe curvesareinspectedandwe provide auserinterfacefor correcting
theseproblems Anotherneedfor userinterventionarisesvhenmakingmeshesn
a CAD modelintendedfor production.Heremodelsoftencontainpartsirrelevant
for the analysisandhave moredetailthanis feasibleto resole on a mesh. Fur
thermore modelscansometimede divided along symmetryplanesto decrease
the overall sizeof the problem,or to guarantee perfectlysymmetricmesh.

During the £nal stageof geometrypreparationthe topologyis determined
anda globaltriangulationis createdon the correctednetwork of surfaces.Hen-
shav [4] hasdevelopedan edgematchingalgorithmwithin Overture to perform
thesesteps. The edgematchingalgorithmhasalsobeenprovento be a valuable
tool for detectingary remaininggaps,overlaps,or irregularsurfacesn themodel.

Boundary representation

We represenCAD geometriesasa patchvork of surfaces referredto asa com-
positesurface.A compositesurfaceconsistof severalcomponensuriacesicom-
ponentsurfacesarerepresentedith differentshadesn Figurel. Eachcomponent
surfaceis describedisamappingfrom theunit squarén R? (theparameteplane)
to the physical spacen R®. Complex geometrieoften containtrimmedsurfaces
in their compositesurface. Trimmed surfacesare comprisedof parametricsur
facesdivided into “active” and“inactive” regionsusingcurvesin the parameter
plane,asillustratedin Figure2. Active piecesof the surfacebelongto the ge-
ometrydescriptionwhile inactive regionsshouldbeignored.Active andinactive
regions are maintainedby the orientationsof the trim curvesin the parameter
plane.

Trim curves are given a parametricrepresentationr = 7.(¢), 0 < ¢t <
1, wherer = (r,s) arecoordinatesn the parameteplane of the underlying
surface. Thesecunes are representedising Non-Uniform Rational B-Splines
(NURBS) [9]. Eachof the trim curvescurves may be assembledy joining a
numberof curvesinto onecontinuouscurwe, seePetersso& Chand[8] for de-
tails.



Trimmed Surface

Untrimmed Surface Curvein (r,s)

Figure 2: The trimming of a parametricsurface using curvesin the parameter

plane

Preparing the geometry for grid generation

Someexamplesof commontrimming curve errorsareshavn in Figure3. Trim
cunesare manipulatedn the parameteplaneto avoid difEcultiesdealingwith
surfacesingularitiesand extremely narrov surfaces,wheredifferentpartsof the
trim curve otherwisecould be plottedvery closelytogether The mostimportant
toolsfor editingtrim curvesin rap are:

Hide and shav sub-cunes. Hiddensub-curesare not consideredduring
theassemblyof thetrim curve.

Joinendpointof sub-cureswith aline segment.
Split asub-cure into two pieces.

Move the endpointof a sub-cure. If the new endpointprojectsonto the
existing sub-cune, the sub-cure is £rstsplit andthe remainingpart of the
sub-cuneis discardedOtherwisethelastcontrolpointis simply movedto
thenew endpoint.

Truncateor extendtwo sub-cunesto their intersection.

Automaticassemblyof sub-cunesinto a continuousperiodictrim curve.
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Figure3: Examplesof errorsin trimming curves. The differentcolorsrepresent
sub-cunesandtheblacksquareshav the endpointsof the sub-cunes.

e Creationand deletionof completetrim curves. New trim curves canbe
createdby projectingedgesof othersurfacesonto the timmedsurface,or
by a surface-suréceintersection.

CAD geometriedftencontainmoredetailsthanarenecessargr practicalfor
a simulation. In the currentwork, unwanteddetailsmay be removed by deleting
the surfacesthat representhe unnecessarfeature. Any holesthat were part of
the detail canberemoved by deletingtrim curvesde£ningthe hole, or by adding
new surfacescoveringthe hole. For example,the junction betweerthe manifold
andthe valve in Figure 4 was simpliEedby remaving somepatchesaroundthe
junction,extendingthe valve stem,andre-trimmingthe surfaceson the manifold.
Note that this modi£cationis relatively large comparedo the size of the model
andwould thereforebe hardto automatecompletely

Calculating the surface connectivity

The connectity betweerthe surfacepatchesn a CAD geometnyis not specifed
in thelGES£les,soit mustbedeterminedeforeasurfacemeshcanbegenerated
acrosgatchboundariesTo determineghe connectvity, we useanedgematching
algorithm[4], which attemptgo matcheachboundaryedgewith aboundaryedge
from a neighboringpatch. The algorithm begins by building three-dimensional
NURBS curvesontheboundarie®f all surfacepatchedy mappingall sub-cures



Figure4: Remaing unwanteddetailsandsimplifying the enginegeometry

in thetrimming curvesto R? (thetrimming curvesarede£nedn parametespace).
It thenattemptgo identify wherean boundaryedgefrom one patchmatcheshe
boundaryedgeof a neighboringpatch.To accomplistthis, it is usuallynecessary
to split theboundaryedgeat appropriatdocations.Whenthe closesineighboring
boundaryedgeis within a toleranceof the original boundaryedge,we declare
thatthe edgeshave beenmeigedandchooseoneof the boundaryedgedo bethe
masteredge. Thereafterthe masteredgede£neghe boundarysegmentfor both
patches.In this way, we effectively remove ary gapsor overlapspresentin the
original representation.

If thereare missingor duplicatedsurfacepatchesn the model, the connec-
tivity algorithmwill fail to £nd matchingboundaryedgedor thosepatches.The
algorithmwill alsofail if thegapor overlapbetweemeighboringpatchesxceeds
the tolerancethreshold. Hence,the connectity algorithmsenesasan efEcient
detectorof any remainingirregularitiesin the model. For example,considerthe
detail of theenginemanifoldin Figure5.

Hyperbolic grid generation

After all boundaryedgeshave beenmatchedthe modelis triangulatedsuchthat
eachtriangle belongsto exactly one surfacepatch,seeHenshav [4] for details.
Thetriangulationis thereforewell suitedto provide aninitial guesgor projecting
pointsontothe CAD surfaceduringthe surfacegrid generation An exampleof a
triangulationis shavn in Figure6.

Thetriangulationalsoformsthe basisfor the generatiorof embeddedbound-
ary (Cartesiangrids. Herethe triangulationis usedto remove grid cells outside
of thedomain,andto calculatevolumefractionsfor the cellsthatareintersected
by thetriangulation.Detailsof this approactwill bereportedelsevhere.

Surfacegrids are generatedn the geometrystarting from edgeor feature
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Figure5: The edgematchingalgorithm colors matchededgesin greenand un-
matchededgesn blue (a). Thealgorithmdetectedwo problemareasshavn as
bluedotsin (b). A closeupneartheleft dot revealedthe blue warpedsurface(c).
Thewarpedpartof the surfacewasremoved,anda new patchwasbuild to cover
thehole(d).



Figure6: A triangulationof thegeometnyin Figure4.

cuneson the surface,seeFigure 7. The startingcurve formsthe £rstgrid line,
whichis marchedalongthe surfaceusinga hyperbolicgrid generatioralgorithm,
seeChanandBuning[2]. To ensurethatthe grid residesonthe CAD geometry
eachnew grid line is projectedbackontothe surface. An exampleof a complete
overlappingsurfacegrid is shovn in Figure7.

A similarprocedures usedto generate/olumegrids. Herethegrid generation
startsfrom a surfacegrid, and proceedsy marchingit into the computational
domainusing a hyperbolic volume grid generationalgorithm. When grids are
growvn outfrom acornerin thegeometrywe canoptionallyprojectsomegrid lines
ontothe geometryduringthe marchingprocedureln thisway, avolumegrid can
have up to threefacesthat resideon the geometry The volumegrid generation
is repeatedor all the surfacegridsin the model. Any voids thatremainin the
computationatlomainare£lled with simple,often Cartesianbackgroundyrids.

The £nal stepin the overlappinggrid processis to connectall component
grids. This can, for instance,be accomplishedy the automaticalgorithmsin
xCog/Chalmesh [7] or ogen [3]. Our work will be madeavailable throughthe
next releaseof the Overture software, whosecurrentreleasemay be found at
http://ww. |l nl.gov/casc/ Qverture.
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Figure7: A surfacegrid is grown from theedgecurve markedwith greenandred
diamondgleft). A completeoverlappingsurfacegrid for the manifold partof the
geometryin Figure4 (right).
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